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EVALUATION AND RECOMMENDATION OF MOBILE TECHNOLOGY FOR 
EARLY COURSE PSYCHOSIS CARE  
ERICA JAZMINE CAMACHO 
ABSTRACT 
Background: Demand for mental health services, especially for clinical high-risk 
and early psychosis, has increased, creating a need for new solutions to increase access to 
and quality of care. Smartphones and mobile technology are potential tools to support 
coordinated specialty care (CSC) for early psychosis, given their potential to augment the 
six core roles of care: case management and team leadership, recovery-oriented 
psychotherapy, medication management, support for employment and education, 
coordination with primary care services, and family education and support. Such digital 
tools could enhance patient care and mitigate challenges for CSC. However, the services 
smartphones are offering specifically for coordinated specialty care and the level of 
evidence are unknown.  
Objective: This thesis consists of three phases: 1) to review the published 
literature on smartphone technology to enhance care for patients with prodromal and 
early course psychosis and schizophrenia, 2) to create technology implementation 
guidelines for coordinated specialty care programs, and 3) to assess the framework 
created in phase two by implementing it at diverse sites across the country. 
Methods: Phase I involved a systematic literature search conducted on August 16 
and 17, 2019 which used PubMed, EMBASE, Web of Sciences, and PsycINFO electronic 
databases. All eligible studies were reviewed and screened based on inclusion and 
	
	 vi 
exclusion criteria. Phase II was guided by the results discovered in phase I and consisted 
of modifying the Replicating Effective Programs framework to create a CSC focused 
model. Phase III entailed the implementation of the framework at eight coordinated 
specialty care programs in the United States. Findings from each visit guide 
improvements for the framework.  
Results: The search conducted in phase I uncovered 388 unique results, of which 
21 eligible studies on 16 unique app platforms were identified. Feasibility studies showed 
high user engagement and interest among patients, monitoring studies demonstrated 
correlations between app assessments and clinical outcomes, and intervention studies 
indicated that these apps have the potential to advance care. The AACCS framework was 
developed in phase II which is composed of five stages: 1) Assess (e.g. identifying access 
to and comfort with technology), 2) Align (e.g. understanding aspects of coordinated 
specialty care that technology can augment), 3) Connect (e.g. customizing technology to 
the needs of patients and clinicians), 4) Care (e.g. implementing the digital tools into 
treatment), and 5) Sustain (e.g. creating sustainable technology-enabled mental health 
services). As phase III is ongoing, only results from the first few site visits are shared. 
Site 1, an amalgamation of three distinct programs, showcased that access to technology 
was not a barrier, however other aspects necessary for successful technology 
implementation were missing, such as access to high-speed internet and adequate 
technology training. Although staff members reported low confidence with technology, 
they all believed in the potential of technology to assist with all six key roles of CSC.  
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Conclusion: The published literature on smartphone apps for prodromal and first-
episode psychosis is small but is growing exponentially. Although the research results 
and protocols for app studies do not align well with all key roles of coordinated specialty 
care, high rates of adoption and feasibility suggest the potential for future efforts. The 
findings from the literature review guided the creation of the AACCS framework. This 
framework is intended to assist CSC programs in the identification of clinical targets to 
be augmented with digital tools. Implementation of the AACCS framework at many sites 
highlighted a need for digital literacy training for both patients and staff members. 
Technology has the unique potential to reduce staff workload, support CSC efforts, and 
expand the reach of early course psychosis care by erasing distance.   
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Psychotic disorders are among the most disabling disorders in all of medicine [1]. 
The costs to society are greater than nearly any other chronic health condition, and the 
burden to patients and family members is of the greatest magnitude [2-4]. These disorders 
generally surface during late adolescence or early adulthood [5]. Individuals at clinical 
high risk are at a greater risk of developing a psychotic disorder; this clinical state is 
distinguished by impaired functioning, decreased quality of life, and subthreshold 
psychotic symptoms [6]. Similarly, first-episode psychosis is characterized by a decline 
in social functioning, the onset of psychotic symptoms like unusual thoughts, 
hallucinations, and impaired cognitive abilities [7]. Early treatment for clinical high risk 
and first-episode psychosis is a global health priority that aims to prevent or mitigate the 
burdens of the illness [8,9]. In this thesis, we explore the available evidence for 
smartphone technology to augment clinical high risk and first-episode psychosis care. 
 
SMARTPHONE OWNERSHIP  
A 2016 study found that 99% of Americans aged 18-34 reported ownership of a 
smartphone [10]. Patients with clinical high risk and first-episode psychosis are already 
using smartphones and technology today. A 2014 survey conducted on 67 individuals 
with first-episode psychosis revealed that 88% of the participants had access to phones 
[11]. Research on smartphone ownership among youth receiving early psychosis–related 
services suggests that like the rest of the population, people with early psychosis 
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increasingly own devices; a 2015 study reported 81% ownership [3] and 2018 research 
from our team reported 85% ownership [4]. These studies showcase the feasibility of 
using technology in care services, as many at clinical high risk and in first-episode 
psychosis today are already actively using these devices. Given that the clinical needs of 
patients with early course psychosis are different from those who have had the disease for 
many years, key roles in coordinated specialty care are customized for early course 
illness. As these younger patients may use smartphones and technology differently, it is 
necessary to consider how mobile health may uniquely meet the needs of patients with 
early course psychosis. 
 
COORDINATED SPECIALTY CARE 
Coordinated specialty care (CSC) is an evidence-based, recovery-oriented 
treatment program designed to transform outcomes in first-episode psychosis by 
promoting shared decision making and creating individualized treatment plans. The 
major roles of care include case management and team leadership, recovery-oriented 
psychotherapy, medication management, employment and education support, 
coordination with primary care services, and family education and support [12]. In the 
United States, there are currently 236 coordinated specialty care programs offering care 
for first-episode psychosis. Scaling up coordinated specialty care to reach more patients 
and reduce the duration of untreated psychosis is the next step in expanding services to 
those with early course psychosis. 
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Challenges faced by CSC programs offer a target for technology augmentation. 
Specifically, the 2019 Mental Health Block Grant Evaluation report cited low fidelity in 
five areas for a majority of CSC sites: 1) Family education and support, 2) Supported 
employment, 3) Early intervention, 4) Duration of first-episode psychosis program, and 
5) Population served [13]. These challenges in part relate to hurdles that CSC programs 
face in retaining qualified staff, barriers towards financial stability related to a lack of 
billing codes, and difficulty reaching youth in rural areas. A further strain on many CSC 
programs is the lack of appropriate mental health services for youth who transition out, 
necessitating that some youth remain in CSC longer than the recommended two-year 
duration. Combined, these pressures create a need for innovative solutions that can 1) 
support immediate patient needs and 2) help address the root challenges of CSC 
programs.  
The expansion and growth of CSC requires the development of new strategies to 
finance these programs, train health care professionals to incorporate recovery-oriented 
practices, increase awareness and involvement from young people, and more efficient 
forms of assessing program fidelity [1]. One means to augment coordinated specialty care 
is leveraging technology like smartphones [14]. The rapidly evolving literature on 
smartphone apps for psychosis spectrum illnesses and a recent review on these apps 
already suggests its many potential roles in supporting facets of coordinated specialty 
care [15]. Specific advances around digital phenotyping and just-in-time adaptive 
interventions hold especially unique promise. By automatically quantifying patients’ 
treatment trajectories through digital phenotyping, that is, “the moment-by-moment 
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quantification of the individual-level human phenotype in situ using data from personal 
digital devices” [16], mobile technology could uniquely help offer functional assessments 
of recovery and personalization of care. These technologies can also potentially help 
screen and identify those with clinical high risk and ensure appropriate referral of patients 
with first-episode psychosis to coordinated specialty care that would reduce the duration 
of untreated psychosis. Through symptom surveys, therapy-based coaching, peer-to-peer 
support, and medication reminders, smartphone apps have direct potential to support 
coordinated specialty care today with just-in-time adaptive interventions. 
While digital technologies may appear able to solve many of CSC’s challenges 
today, the reality belies simple expectations. Technologies like telepsychiatry and apps 
can erase distance and reach rural patients easily, reduce staff workload and thus burnout, 
and even facilitate documentation and billing. Beyond addressing these CSC challenges – 
technology can also directly support CSC care and help guide evidence-based 
psychopharmacology, enable family support, and make peer support easily accessible. 
The clear potential of technology is so bright that it is surprising to consider the lack of 
evidence for its use in CSC or across all of mental health care [17]. This dichotomy is not 
related to the technology itself, but rather challenges in its implementations and 
sustainability. Research suggesting that mean engagement, measured by days on which 
the mental health app is opened, is 4% highlights the true challenge utilizing technology 
for care [18]. Thus, we argue that the necessity of ensuring CSC programs are able and 
ready to use technology in a meaningful and sustainable manner is critical to ensuring its 
true potential is realized. 
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Reviews of apps for CSC [15] highlight early evidence that apps can facilitate 
care across several core roles, including team management and psychotherapy for 
example. Thus, given their high rates of ownership and emerging evidence base, this 
thesis will focus on smartphones and apps, although the framework presented in phase II 
is capable of accommodating any digital technology. In this thesis, we explore how 
technology can help CSC augment care and overcome programmatic challenges while 
recognizing that technology itself is not a panacea and requires careful consideration 
around implementation and sustainability. Phase I of this thesis was first published in the 






There is a clear potential for smartphones and mobile technologies to augment 
clinical high risk and first-episode psychosis care [15]. This multipurpose thesis presents 
a three-step project that explores the role of technology in care for early course psychosis 
patients. The review portion of this thesis presents the first of three steps to explore the 
potential of apps for coordinated specialty care. In phase I, we explore the literature on 
clinical high risk and first-episode psychosis care, with the goal of assessing feasibility 
around monitoring and interventions, aligning apps with core roles of coordinated 
specialty care, and identifying emerging trends. Given the nascent and heterogeneous 
nature of this space, we respect that different technologies, study designs, populations, 
and outcomes will preclude formal analysis and permit narrative synthesis. 
The next phase was guided by this review and involves the creation of specialized 
app evaluation scales, toolkits, and implementation guidelines for coordinated specialty 
care that will focus on five domains: (1) barriers to application, (2) sustainability 
following initial implementation, (3) training requirements/burden, (4) necessary 
infrastructure required to support integration, and (5) sustainable and durability of the 
technology. In creating a framework in phase II for technology use in CSC care, we focus 
attention to the technology itself as the first step but present four further steps that are 
agnostic to the technology and focus on implementation and sustainability. 
The final phase involves visiting eight coordinated specialty care sites to gather 
feedback from multiple stakeholders, assess the current state of technology readiness and 
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need, and offer recommendations for successful technology implementation. As the 









A PICO (P - adolescents between the ages of 13 and 26 years, I - 
mobile/smartphone apps, C - no technological intervention, O - management of 
prodromal and early course schizophrenia and psychosis) and searchable question was 
created around the use of mobile technologies in an adolescent population experiencing 
prodromal and early course schizophrenia and psychosis. Search strategies were 
developed by a health sciences librarian. The librarian translated the search strategies 
based upon each database’s respective controlled vocabulary (Medical Subject Headings, 
Emtree, Web of Science topic terms, Thesaurus of Psychological Index Terms for 
PsycINFO) and command language, using additional free-text terms when appropriate. 
Major concepts searched were Schizophrenia and Psychotic Disorders combined with 
Early Diagnosis and then joined to a list of applicable terms and synonyms indicating the 
use of mobile or wireless devices, smartphones, or apps. PubMed, EMBASE, Web of 
Sciences, and PsycINFO searches were conducted on August 16 and 17, 2019. Criteria 
included material written in English; age range of 13 through 26 years (adolescent and 
young adult); and material published from the beginning of 2008, the year in which a 
medical category was first introduced into the Apple platform app store. 
A total of 525 articles were originally discovered. Following the elimination of 
duplicates, a total of 388 references were identified. Each citation/abstract was reviewed 
using the Covidence (Melbourne, Australia) systematic review management tool. 
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Inclusion criteria comprised publication date of January 1, 2008, or later; English 
language; adolescents between the ages of 13 and 26 years exhibiting prodromal, early 
course, or first-episode schizophrenia or at a high risk for clinical psychosis; and usage or 
the availability of a mobile/wireless/smartphone app. The following papers were 
excluded: articles not published in English, review articles, conference papers or poster 
abstracts, and any technology not delivered via a mobile device such as a desktop 
computer program or website. 
 
Study Selection 
Review of the 388 references was conducted by reviewing each abstract. Each 
reviewer appraised each article independently. If the abstract was not present or unclear, 
the full text of the article was retrieved. Following the initial screening, 32 articles met 
the initial inclusion criteria. Using bibliographies and cited-by references in these papers, 
hand searching was conducted. In addition, a set of text words culled from these papers 
was searched in Google Scholar in order to identify any additional grey literature. This 
process identified 35 additional articles. After full-text review of this final set as well as 






Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses 





To formulate this framework, we incorporated the four phases of the replicating 
effective programming framework which includes “1) pre-conditions (e.g., identifying 
need, target population, and suitable intervention), 2) pre-implementation (e.g., 
intervention packaging and community input), 3) implementation (e.g., package 
dissemination, training, technical assistance, and evaluation), and 4) maintenance and 
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evolution (e.g., preparing the intervention for sustainability)” [20]. The NASSS 
framework was utilized to ensure consideration of why many new health technology-
supported services fail and lessons to consider when integrating new digital tool [21]. 
Fortuna et al.’s call for increased involvement from people with lived experiences when 
establishing digital mental health standards [22] also shaped our framework. Finally, our 
team’s direct experience working with and caring for CSC patients informed these efforts 
as well. The aspects from these works were blended to create our CSC specific 
framework for implementing technology into care for adolescents and young adults with 
first-episode psychosis. Phase II of this thesis describes this conceptual AACCS 
framework consisting of five core domains: 1) Assess, 2) Align, 3) Connect, 4) Care, and 




The AACCS framework will be implemented at eight sites out of the 236 
coordinated specialty care programs in the United States by Fall 2020. The diverse sites 
were chosen to ensure they span urban, rural, mixed, and suburban areas in the nation. 
The surveys created in phase II, will be used to assess program alignment with the 
framework. Patients were not provided with the care nor the sustain portion of the survey 
as the questions are geared towards technology implementation details that are only 
relevant to staff. After each site visit, the survey questions were refined based on user 
feedback. As phase III is an ongoing study, only results from site 1 are showcased in this 







Clinical High Risk 
Protocol 
The Robin Z app aims to reduce at-risk symptomatology and comorbid diagnosis 
while improving functioning, self-efficacy, and quality of life by offering elements of 
cognitive behavioral therapy, systematic therapy, and self-assessment between therapy 
sessions. Robin Z features include information and suggestions on coping with their 
symptoms, medication reminders, crisis intervention planning created with a therapist, 
weekly goals, and a library of positive reinforcements. Traber-Walker et al [23] plan to 
evaluate the app in a controlled study with 30 participants aged 14-18 years. 
Monitoring 
The ClinTouch app, one of the first in the psychosis space, collects ecological 
momentary assessment data from smartphones. The 2012 ClinTouch study lasted for 6 
days and split patients into 3 groups: (1) patients in partial or full remission, (2) patients 
acutely psychotic, and (3) patients at ultra-high risk. Of the 44 participants entered in the 
study, 6 acute and 2 remitted patients did not complete the minimum number of diary 
entries and were excluded from analysis. No ultra-high risk participants were excluded. 
The ultra-high risk group completed more surveys (31.1) during the study than the 
remitted (29.5) or acute (28.5) group [24]. The mean age of the 12 ultra-high risk 
participants was 22 years, and 10 of 12 were male. The results suggest that smartphone 
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ecological momentary assessment has high internal consistency and sensitivity to change 
in all groups, including ultra-high risk. 
Intervention 
MOMENTUM seeks to enrich social functioning in patients at clinical high risk 
via incorporation of the self-determination theory of motivation and a strength- and 
mindfulness-based approach. In a 2-month study [25] with 13 clinical high-risk patients 
(mean age 20.3) and in the 2019 study [26], the program could be accessed on a 
computer, tablet, or smartphone. The study represents the first efforts to offer 
interventions for high clinical risk. Results demonstrated a statistically significant 
improvement in social functioning for all participants, measured on the Global 
Functioning Scale, and 42% of participants showed improvements in the Satisfaction 




Actissist is a digital intervention that focuses on five major domains associated 
with relapse in early psychosis: (1) perceived criticism, (2) socialization, (3) cannabis 
use, (4) paranoia, and (5) auditory verbal hallucinations. Smartphone notifications are 
sent at “3 pseudorandomized time points per day, 6 days a week between the hours 10am 
to 10pm” to encourage the participant to access the app [27]. This 2015 study explored 
feasibility and acceptability in patients with first-episode psychosis and demonstrates the 
app’s ability to reduce psychotic symptoms and cannabis misuse while enhancing their 
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quality of life. Outcomes of this now completed study are illustrated under the 
intervention section for first-episode psychosis. 
The TechCare study [28] will blend experiential sampling methodology, which 
examines context and flow of “thoughts, feelings, and events,” with intelligent real-time 
therapy, which delivers psychological interventions such as cognitive behavioral therapy. 
In this three-phase study, the first phase will involve collecting qualitative data through 
focus groups, which will be used to refine the intervention for the next phase. This 
second phase will evaluate the acceptability of TechCare. The third and final phase will 
be a feasibility trial, where case coordinators will help create personalized interventions 
by customizing the app and linking ecological momentary assessment responses to 
treatment options including a crisis plan [28]. 
HORYZONS is an internet-based platform that was developed to prevent relapse 
and improve social functioning in users. The platform aims to support long-term recovery 
in first-episode psychosis by offering therapy modules and features that promote behavior 
change and social networking. This study protocol adapts earlier foundational work [29] 
from Australia to now meet the cultural needs of patients with first-episode psychosis in 
Canada [30]. The program can be accessed via a smartphone, and the study goals are to 
gain insight on the acceptability of the platform and discover recommendations on how to 
improve it. 
HORYZONS will be utilized for a randomized controlled trial in Melbourne to 
test whether its use for first-episode psychosis can enhance social functioning and reduce 
hospitalizations when compared to treatment as usual. Alvarez-Jimenez et al [31] plan to 
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recruit 170 participants with first-episode psychosis, aged 16-27 years, to partake in the 
18-month study. The study will utilize ecological momentary assessment to assess 
positive effect, negative effect, and social isolation via surveys eight times a day, within a 
12-hour window. It also features “online pathways” designed to improve participant self-
efficacy such as “fostering positive emotions” and “identifying and exercising personal 
strengths” and is supported by both peer and clinician moderators. Expert moderators, 
that is, clinicians, will also be able to customize the app and treatment approaches to each 
patient’s needs. 
When planning the Psychotherapy app, Barbeito et al [32] wrote a protocol for a 
focus group, to gain insight into the opinions of young people with psychosis in Spain 
[32]. The app, comprised of five modules outlined in Table 1, will be studied to assess its 
ability to decrease the number of relapses and rehospitalizations in 50 patients with first-
episode psychosis, aged 14-19 years, when compared to treatment as usual. Features of 
the app will be supported by first-episode psychosis users such as the contact wall, while 
others will be moderated and customized by clinicians. 
The 2019 MOMENTUM protocol aims to assess how app use in patients with 
first-episode psychosis can augment shared decision making with their providers. With a 
planned enrollment at 260 participants aged 18-35 years, it represents the largest sample 
size planned to date [26]. The app will be used by the participant to explore and evaluate 
aspects of their daily life such as sleep and stress and then share those data with the 
providers. By increasing the patients’ knowledge of and comfort with their symptoms in 
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parallel with the providers’ increased awareness of daily changes, the study hypothesizes 
that app use will facilitate shared decision making in first-episode psychosis. 
 
Usability/Feasibility 
Smelror et al [33] conducted an exploratory study for 7 days by using an app to 
assist patients with early onset psychosis to cope with their auditory verbal 
hallucinations. Of the four patients contacted to participate in the study, one refused, and 
one was excluded from the statistical analyses due to poor compliance. Of note, one 
participant reported discomfort with digital monitoring and noted feeling watched, 
monitored, and insecure. The study concluded that adolescents with early onset psychosis 
are willing to use apps to self-assess their symptoms and apps are a viable option for this 
population. 
The PRIME app is an intervention tool, supported by peers and coaches, which 
aims to improve quality of life and negative symptoms like motivation in first-episode 
psychosis. In this two-phase study, the first 10 enrolled participants (mean age 23.4) used 
the app to determine feasibility. Based on phase one feedback, the second phase was an 
ongoing randomized controlled trial with the first 10 participants (mean age 23.3) testing 
the effectiveness of the app’s iterative design process. Over 12 weeks, participants logged 
in about every other day and completed 1.5 daily challenges a week, such as working out 
for 30 minutes. Retention was high at 100%, and the average level of satisfaction for all 
participants was 8/10 [34]. The study concluded that PRIME is a feasible and highly 
acceptable intervention tool for first-episode psychosis. 
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The Heal Your Mind app provides cognitive behavioral therapy–based case 
management and symptom monitoring for young people with first-episode psychosis 
through six modules: (1) thought record, (2) symptom record, (3) daily life record, (4) 
official notices, (5) communication, and (6) scales [35]. This feasibility study involved 33 
early intervention service users (mean age 25.6). Usage reports were high, with 41.7% of 
participants completing all 6 modules [35]. The most frequently used, liked, and 
perceived helpful feature was communication with the case manager. High satisfaction 
was reported in about 80% of participants and 46% felt the app was useful for monitoring 
their symptoms. One participant reported feelings of stress while using the app. The study 
concluded that the app is feasible and useful for young people experiencing early 
psychosis. 
The +Connect app delivers positive psychology interventions via three different 
video types: peer videos, expert videos, and actor videos. Videos are offered in response 
to real-time mood tracking. The 6-week study required 12 participants (mean age 20.5) to 
complete the daily activities on the app for at least 70% of the duration. Both user 
engagement and satisfaction were high at 95.47% and 90%, respectively [36]. 
Conclusions of the study were that the app is highly acceptable, feasible, and usable. 
The acceptance and commitment therapy in daily life (ACT-DL) study [37] 
utilized a subset of participants to determine the feasibility of an ongoing randomized 
controlled trial, which plans to enroll 150 participants into the program. The ACT-DL 
app offers ACT toward improving negative symptoms. In this clinical hybrid study, 
participants meet with ACT therapists weekly and then apply the lessons learned on the 
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app platform for a minimum of 3 consecutive days. Participants are prompted to answer a 
short questionnaire on their mood and symptoms. The app then elicits an ACT metaphor 
or exercise based on the module of the week. The 16 participants to date found both the 
ACT therapy sessions and the home exercises useful. They also reported that the app 
helped them implement ACT into their daily life and helped bring awareness to their 
emotions [37]. 
The RealLife Exp app provides symptom monitoring for patients with early 
psychosis through daily and weekly smartphone surveys. The 5-month study involved 61 
participants with early psychosis interacting with the app and 20 providers who 
connected through the online dashboard. Of the 41 participants who completed the study, 
66% reported a willingness to continue using RealLife Exp as part of their treatment 
service, while 12% reported a lack of interest in using the app [38]. A majority of 
participants suggested improvements to the app, such as technical functionality, product 
enhancements, and changes to the survey. 
Monitoring 
A case series paper [39] of the CrossCheck app featured two patients with first-
episode psychosis, aged 19 years, likely meeting. The CrossCheck app combines 
ecological momentary assessment with digital phenotyping (smartphone-based) 
geolocation, speech frequency and duration, and physical activity. The app was 
preinstalled on smartphones with an unlimited data plan provided to participants in the 
study. With a 12-month data-collection period, it represents the longest reported use of a 
mobile health smartphone app for people with early psychosis. In the first case, a 19-
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year-old African-American male with schizophrenia had ecological momentary 
assessment data for 91% of the 125 days before hospitalization and audio sensor data for 
87% of the days. The audio sensor data showed a decrease in speech frequency and 
duration over 50 days and then an increase over 70 days, followed by a spike in both 
before hospitalization. In the second case, a 19-year-old Hispanic American-Indian 
female with schizophrenia had ecological momentary assessment data for 91% of the 190 
days prior to hospitalization and device use data for 93% of the days. Device use data 
showed that the patient’s phone was unlocked between midnight and 6 AM during the 60 
days before hospitalization, which was unusual compared to her first 100 days of data 
[39]. Similarly, our team wrote a case series exploring the role of passive data monitoring 
in patients with psychosis, including first-episode psychosis, using the mindLAMP app 
[40]. 
Ginger.io offers another platform for both ecological momentary assessment and 
digital phenotyping. In this clinical hybrid study, including 64 participants with recent-
onset psychosis and 12 with clinical high risk, the app collected active data through self-
report surveys and digital phenotyping including phone calls, messages, and distance 
traveled [41]. As a clinical hybrid, the study involved monthly in-person psychosocial 
assessments with the research team. A total of 97% percent of the 60 participants who 
completed satisfaction surveys found the app easy to use, and 83% were open to 
continued use of the app in their treatment plan [41]. The authors report that smartphone 
assessments of symptoms were comparable to the Brief Psychosis Rating Scale 
conducted at the monthly clinician interviews. 
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The 2019 ClinTouch study [42] was a 10-day observational cohort study 
exploring the association between symptoms of psychosis, such as hallucinations and 
delusions, to physiological responses, such as heart rate variability and electrodermal 
activity. The study used a wearable, E4, to measure physiological changes and used the 
mobile app to conduct the self-assessment. Smartphone notifications were sent at “4 
pseudo-randomized time points per day between the hours 11am to 9pm” to prompt 
participants to rate their symptoms [42]. One participant dropped out due to a non–
research-related reason. Of the 14 participants who completed the study, 76% of surveys 
were completed [42]. As distressing hallucinations and delusions were reported, there 
was a significant increase in electrodermal activity. No significant association was found 
between these symptoms and heart rate variability [42]. Participants found the app to be 
easy to use, nondisruptive, and enjoyable overall. 
Intervention 
The 2018 PRIME study [43] conducted a 12-week randomized controlled trial to 
test the app’s ability to enhance motivational impairments in first-episode psychosis. Of 
the 43 participants recruited (mean age: 24.3), 22 were in the PRIME group, 21 were in 
the treatment as usual/waitlist group, 5 dropped out, and 6 did not complete the follow-
up. To assess changes in motivated behavior, the trial modified the Trust Task to 
determine three aspects of motivation: reward learning, anticipated pleasure, and effort 
expenditure. Only PRIME participants were given the Trust Task. These participants 
showed a greater increase in anticipated pleasure, effort expended to increase the 
likelihood of future social interactions with positive outcomes, and learning from positive 
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outcomes from baseline to 12 weeks compared to waitlist [43]. The retention rate for the 
treatment was 74%, and mean satisfaction with PRIME was 8.21/10. Participants noted 
that the app helped them feel less alone, more hopeful, more connected, and less helpless. 
The ability to directly message their coaches was the most popular feature, while the 
ability to track mood was the least popular. 
The 2018 Actissist proof-of-concept study [44] involved a 12-week randomized 
controlled trial for 36 participants. The study had a 2:1 ratio for the experimental group 
Actissist plus treatment as usual (n=24, mean age 20 years) to the control group 
ClinTouch plus treatment as usual (n=12, mean age 18 years). The study set a target 
criterion of half of the participants in each arm to submit at least half of the data entries. 
The Actissist arm met the target criterion (63%), while ClinTouch did not (42%) [44]. In 
addition, 75% of Actissist users engaged with the app at least once a day. The most 
popular prompted and unprompted domain was voices followed by suspicious thoughts. 
The Actissist arm showed larger treatment effects and greater benefits than symptom 









Table 1. Studies of smartphone apps for people with First Episode Psychosis or at 
Clinical High Risk. 
 
 Intervention / 
App 
Author / Year Main Findings  
CHR – 
Protocol  
Robin Z Traber-Walker, 
2019 [23] 
The Robin Z app offers 
support between therapy 
sessions with the goal of 
improving the daily 
functioning of people in 
Clinical High Risk (CHR) 
states. The study goal is to 
decrease at-risk symptoms 
like delusions, depression, 
and hallucinations following 
usage of the app in addition 
to treatment as usual (TAU).  
CHR – 
Monitoring  
ClinTouch Jasper E 
Palmier-Claus, 
2012 [24] 
The ClinTouch app offers 
symptom assessments in 
CHR patients and provides 
clinical information to their 
providers remotely. The 
study concluded that 
smartphones apps are a valid 
method for symptom 
management as seen from 







The MOMENTUM app is 
designed to improve the self-
efficacy of people at Ultra 
High Risk (UHR) for 
psychosis by helping 
participants focus on their 
strengths, practice 
mindfulness, and connect 
with one another. Results 
demonstrated improvements 
social functioning and 
wellness, as well as high 
engagement and satisfaction 
with the app. 
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FEP –Protocol Actissist Sandra Bucci, 
2015 [27] 
Actissist is an intervention 
that focuses on five domains 
that are associated with early 
psychosis relapse. The study 
will compare it to 
ClinTouch, a symptom 
monitoring app, plus TAU 




methodology and intelligent 
real-time therapy to provide 
participants with both 
assessments and 
interventions. The study 
collected user feedback to 
refine the intervention and to 
test the feasibility of the app. 
 HORYZONS Mario Alvarez-
Jimenez, 2018 
[30] 
HORYZONS is a web 
platform, accessible via a 
smartphone, that is capturing 
feedback from Canadian 
youth on the framework with 
the purpose of adapting the 
program to better serve those 
with FEP 
 HORYZONS Mario Alvarez-
Jimenez, 2019 
[31] 
HORYZONS will utilize a 
smartphone ecological 
momentary assessment tool 
to deliver surveys and 
interactive therapy content 
to FEP participants with a 






The Psychotherapy App 
study will investigate 
whether five modules in the 
app may minimize relapse 
and hospitalization in FEP 
compared to TAU. The 
modules include 1) 
psychoeducation, 2) 
recognition of symptoms 
and prevention of relapses, 
3) problem solving, 4) 
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mindfulness, and a 5) 
contact wall.  
 MOMENTUM Tobias Vitger, 
2019 [26] 
MOMENTUM is converted 
into a smartphone app to be 
utilized for FEP. The 
emphasis of this study is will 
be on improving shared 
decision making between 




Unnamed App  Runar Elle 
Smelror, 2019 
[33] 
Smelror et al (2019) 
conducted an exploratory 
study for the use of an app to 
assist early onset psychosis 
(EOP) patients to manage 
their auditory verbal 
hallucinations (AVH). 
 PRIME Danielle 
Schlosser, 
2016 [34] 
PRIME is an intervention 
app for FEP that provides 
patients with goal-setting 
tools, CBT based coaching 
from a clinician, and social 
networking opportunities 
with their peers. The study 
showed high engagement 
rates, 100% retention, and 
high user satisfaction to 
conclude that the app is 
feasible and acceptable.  
 Heal Your 
Mind (HYM) 
Sung-Wan 
Kim, 2018 [35] 
The HYM app offers case 
management and symptom 
monitoring for young people 
with early psychosis. The 
surveys collected showed 
that a majority of 
participants used at least 5 of 
the 6 modules, felt the app 
was easy to use, and 
expressed satisfaction with 
the tool.   
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 +Connect Michelle H. 
Lim, 2019 [36] 
+Connect is an intervention 
app designed to target 
loneliness in youth with 
early psychosis. The study 
outcomes showed a decrease 
on the University of 
California Loneliness Scale.  




The ACT-DL app utilizes 
acceptance and commitment 
therapy to help early 
psychosis patients improve 
negative symptoms. The 
study showed that 
participants found the app to 
be a useful tool to solidify 
knowledge gained from 
weekly therapy sessions. 
 RealLife Exp Divya Kuman, 
2018 [38] 
The RealLife Exp app is 
used alongside a web-based 
dashboard to help early 
psychosis patients with 
symptom monitoring. Study 
outcomes indicate 
participants are moderately 
responsive to daily and 






The CrossCheck app collects 
ecological momentary 
assessments, device use 
data, and passive data like 
geolocation to predict 
relapse in people with 
psychosis. Study outcomes 
indicate that digital 
indicators of relapse are not 
the same for every 
individual experiencing 
psychosis.  
 mindLAMP Hannah 
Wisniewski 
[40] 
The mindLAMP app also 
collects ecological 
momentary assessments, 
device use data, and passive 
data like geolocation. Study 
outcomes indicate that 
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digital markers can help 
inform changes in clinical 
care.  
 Ginger.io Tara Niendam, 
2018 [41] 
Ginger.io is a symptom 
monitoring app for early 
psychosis individuals that 
collects survey responses, 
and passive data like 
distance travelled and phone 
calls. The study showed that 
the app is easy to use and a 
willingness to continue 
incorporating apps into the 
patient’s treatment plan. 
 ClinTouch Matteo Cella, 
2019 [42] 
ClinTouch is used alongside 
a wearable device to draw 
conclusions on whether 
there is a connection 
between distressing 
psychosis symptoms and 
physiological responses. The 
study outcomes showcase 
increased electrodermal 
activity when experiencing 
hallucinations or delusions, 
but no association between 







The PRIME app seeks to 
improve motivation in FEP. 
The study findings show 
improvements in reward 
learning, anticipated 
pleasure, and effort 
expenditure for the PRIME 
group as compared to the 
waitlist.  
 Actissist Sandra Bucci, 
2018 [44] 
The Actissist app plus TAU 
showed greater and more 
sustained treatment effects 
and benefits as compared to 
a symptom monitoring app 
plus TAU. A majority of 
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participants from the 
Actissist arm submitted at 
least half of their data entries 
and all members of this arm 






 The power of technology is limited by a program’s ability to access, run, and 
troubleshoot it; therefore, the first step is to assess a programs readiness for technology 
implementation into care. Careful evaluation of readiness will lead to proper digital tool 
selection that properly aligns with the site’s clinical needs. This evaluation involves both 
physical access to technology as well as digital skills knowledge. CSC participants have 
several unique differences such as race, ethnicity, age, duration of untreated psychosis, 
among other traits [13]. These varying characteristics should be considered early on in 
the technology implementation process. 
 Various obstacles such as staff discomfort with technology and access to high-
speed internet may prevent a CSC site from incorporating technology. Acceptance from 
professional staff is reported to be the most essential determinant of success in a newly 
technology-supported program [21]. Therefore, measuring staff acceptance of technology 
and assessing staff member’s familiarity with and ability to troubleshoot devices from 
different brands (e.g. Apple products, Android products) is crucial to establish early 
success in the intervention. To ensure the proper decisions are made from the start, 
practical considerations are necessary. 
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 These considerations can help inform a holistic picture of the program’s 
technology status. Information should be collected regarding technology available (e.g. 
computers, tablets, smartphones, wearables), software details (e.g. year, brands), and 
usage rates or restrictions (e.g. one hour a day per participant). Frequency of use from 
members of the community will indicate whether the amount and quality of devices 
available are in high demand, and thus encourage the acquisition of more tools. 
Determination of patient access, engagement, and current relationship with technology 
are essential to ensure later decisions are user focused. For participants who have access 
to and bring their smartphones, tablets, or laptops to these programs, it is essential to 
ensure high-speed wireless internet is available. Measuring both staff and patient 
dexterity with technology is a critical aspect of this phase as it will guide future steps. 
 The responses to the above questions will guide potential solutions that can be 
customized based on program needs. If the need is more technology available or internet 
that can support many devices, then the recommendation is to obtain the proper digital 
tools to augment care. This action will require directing and investing funds to pay for 
these innovative techniques [21]. For patients or staff who report low confidence in their 
digital skills, a unique approach centered around increasing digital literacy can be 
offered. An example of this type of in-person training our team has implemented at local 
CSC programs is: Digital Opportunities for Outcomes in Recovery Services (DOORS) 
[45]. The DOORS program develops functional skills for accessing and implementing 
digital health tools through interactive modules that educate participants on mobile apps 
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for their wellness and recovery [46]. Depending on the site’s preference, online learning 
modules may be offered that include videos, handouts, and PowerPoint slides. 
 
Align 
 Upon understanding the baseline of technology access and knowledge at the site, 
the next step involves the establishment of the pre-conditions of the program, alignment. 
This involves identifying the needs, interventions and barriers to implementation [20]. 
Every program has unique components of care that they prefer technology to augment. 
For instance, the MHBG reports challenges experienced by programs in rural areas whom 
are forced to widen their catchment area to reach sufficient amounts of patients [13]. 
Solutions that resolve the issues rural CSC programs face are likely different than from 
those that urban areas will require as their transportation issues differ. 
 Implementing technology without properly aligning the tools to care goals and 
needs can result in low engagement rates. For example, clinicians reported the lack of 
diversity in therapeutic approaches and missing the ability to build rapport with patients 
as challenges to the implementation of digital services into mental health care [47]. This 
reveals that a lack of flexibility and customization may be the root cause of why digital 
interventions are not implemented. This highlights the importance to gauge user needs in 
technology to connect them with digital mental health interventions well-designed for 
their interests. For instance, some participants may want one app that can assist will all 
six key roles of CSC, while other may want a toolkit of apps targeted for specific aspects 
of their care. While the review of the literature in phase 1 suggests that a single 
comprehensive app does not exist today, understanding how digital tools can align with 
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care can advise whether a need for an all-encompassing app exists or a toolkit will 
suffice. Regardless of the approach, engagement with digital tools for both patients and 
staff are more likely if they are involved in the decision-making [48]. 
Through a focus group of stakeholders at the program, participants can share what 
aspects of care they want technology to play a more prominent role in. This can be 
facilitated through discussion of which CSC key roles they hope to prioritize. Another 
consideration for alignment of tech with care involves considering how patients prefer to 
visualize their data. Possibilities include an online dashboard, text messages with a link, 
on a wearable device, or through a smartphone app. They may want an entirely self-help 
tool or a hybrid tool with clinician interactions. For hybrid models, both the clinician and 
the patient would require an introduction to the new system. To better understand the 
alignment of digital health tools is through the use of the American Psychiatric 
Association’s technology evaluation model. The model guides informed decisions 
making for mobile apps by considering the privacy and security, evidence, usability, and 
therapeutic alliance [49].  
 
Connect 
 Upon program evaluation for access to and skills with technology, as well as 
alignment determined, the following step involves integration of technology into their 
care. As the pre-implementation portion of the framework, connect involves pilot testing 
the materials, clarifying logistics, and gathering community feedback [20]. The 
information gathered in the alignment step are put into action by offering digital skills 
training, customizing digital tools, and offering technical assistance.  
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 Connection and integration are necessary to maximize adoption rates and 
minimize abandonment of the technology implemented. Solutions to connection need not 
be technical. This process should involve a variety of stakeholders to guide the 
development of new standards. Phase 1 of the thesis showcased an increased recognition 
for the value of peer-to-peer support offered via technology for people with early course 
psychosis. Thus, we encourage CSC sites to contemplate methods that incorporate people 




 Implementation requires booster training, providing continued support and 
assessing intervention fidelity [20]. Evaluation of the MHBG revealed various clinical 
demands experienced by staff members which digital tools could potentially reduce [13]. 
Although technology cannot replace in-person care, one such example of technology 
capable of augmenting care is smartphone usage which is vastly accessibility, speedy, 
fairly affordable, and convenience [47]. Digital solutions can provide staff with access to 
high-quality resources and increase staff availability with patients [50].  
 Research has shown a trend toward technology implementation in care. One study 
reported that out of eighty-nine clinicians and supervisors at a mental health service 
organization, about half had suggested websites or apps to their patients [47]. To 
minimize abandonment of technology in care, the immediate implementation portion 




 A potential solution for programs that do not have an internal member of the team 
to troubleshoot technology is to offer an auxiliary member of the CSC team known as a 
digital navigator. A digital navigator is responsible for interpreting data, troubleshooting 
digital tools, and completing any other needs to ensure digital health is actionable for care 
[51]. The digital navigator may be a person with lived experiences who can gain 
vocational skills through navigating this role. Another potential solution is enhanced team 
leadership since the team leader can offer support to clinicians incorporating technology 




 Once technology is implemented into care, the final step it to ensure sustainable 
practices are in place. This step involves dissemination of the product, developing 
financial strategies and re-personalizing the delivery of the service [20]. Challenges faced 
by CSC programs today involve a lack of sufficient billing from their smaller caseloads 
as well as a lack of patients following the two-year service limit [13]. Technology is 
capable of sustaining these programs by assisting in the quantification of clinical 
improvement and aiding with care transitions.  
 The NASSS framework describes a lack of customization, the difficulty of use, 
and lack of evolution of the program as a few causes of resistance to implementation 
[21]. Failing to incorporate these aspects will lead to the abandonment of digital tools for 
care as seen in data that reports about 74% of users stop interacting with health apps after 
10 uses [52]. Successful strategies for long-term app usage involve strong support from 
leaders, collecting feedback, creating guidelines for patient use and developing financial 
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strategies to sustain app usage [53]. These recommendations can guide CSC programs 
towards establishment of sustainable technology-enabled mental health services.  
 Sustainability of digital health tools is not often considered due to how recent 
these tools were developed. Although establishing sustainable practices has the potential 
to save costs or increase payments, part of the savings should be invested into these 
sustainability efforts such as continued customization of the tool and training new staff 
members to utilize the tools. Due to the constant evolution of technology, it is essential to 
restart the cycle, unlike REP, by returning to assess in order to determine if any new tools 





 Site 1 is an amalgamation of three distinct programs across the United States and 
Canada. Patients and staff participated in a discussion surrounding technology use. CSC 
participants returned survey data with results presented below in figures 2, 3, 4 and 7 
(orange bar graphs). Results from staff member surveys are revealed below in figures 2, 
and 5-9 (blue bar graphs). Key findings included: 
Access 
 Participants (patients) reported having access to internet in their homes, but not at 
site 1. Although there is Wi-Fi available at the site, they report connection is "usually 
spotty" and "cannot sustain many users connected at once". Some members expressed 
"the Wi-Fi never works here". Most connected to the internet at site 1 via their data plan 
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if they had one. But they did report that they have access to smartphones and are 
comfortable using apps.  
 A team leader at site 1 expressed that their team needs training on how to use 
technologies like apps and texting, and that they would be open to learning more about 
technology. While staff expressed interest in technology, they felt they needed to better 
understand the basic competencies around communicating with computers and 
smartphones before using such tools in care. Survey results show that staff feel less 
connected to a digital community than their patients (see figure 2). Staff also reported 
feeling less confident about what to do when challenges arise on their smartphones than 
patients. 
 





All seven patients reported at least one aspect of care related to CSC that 
technology can assist them with. Two participants believed that technology can help with 
all six key roles of their care (see figure 3). There was less agreement around alignment 
in terms of the apps themselves representing safe and effective tools. Although the ability 
to 'find app privacy policies' and differentiate 'high quality apps from low quality apps' 
were overall high, some patients rated a 1 (strongly disagree) while others rated a 7 
(strongly agree). This wide range (see figure 4) reminds us that every patient is at a 
different level of understanding and comfort with their smartphone and it is important to 





Figure 3: Percentage of patients that believe technology can help with the key roles of 
their care.
 
Figure 4: Box and Whisker plot of survey data about alignment collected from patients. 
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All staff members who completed surveys believed technology has the potential 
to assist with all six key roles of Coordinated Specialty Care (see figure 5). Staff 
members at site 1 shared concerns regarding how to use technology safely and how to 
ensure patients with paranoia do not fear these digital tools. This concern highlights the 
dual nature of alignment in that the care goal and technology towards it must both we 
considered. Members of the staff acknowledged knowing how to find an app's privacy 
policy (see figure 6) and differentiating between 'good and not so good' apps would be 
beneficial measures to ensure both patient and staff comfort. 
 




Figure 6: Survey data about alignment collected from staff. 
Connect 
High scores were reported in these categories which highlights a willingness from 
patients to integrate technology into their care. When discussing mobile app usage for 
health-related reasons, patients reported an overall positive experience. Positive features 
mentioned include the ability to "document what you're doing" (ex. journals, exercises 
completed) and "view your progress". Patients reported increased engagement with apps 
that "use images" and "constantly remind you to look at the app". The patient discussion 
provided evidence that patients at site 1 already use their smartphone for health reasons - 
largely around fitness and exercise or step tracking - and are open to using it for their 
mental health. 
Staff members reported much lower comfort with integrating technology into care 
than patients. From staff discussion and survey results (see figure 7), this is likely a result 
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of lack of technology training. The staff at site 1 reported lower comfort incorporating 
technology into care noting a lack of training as one barrier among others.  
 
Figure 7: Survey data regarding connect from patients and staff.  
 
Care  
Patients were not provided with the care portion of the survey as the questions are 
geared towards technology implementation details that are only relevant to staff. During 
our discussion with patients, the group was asked if they felt comfortable sharing data 
from their smartphone with clinicians and all agreed they would. One participant shared 
an example of how they already do this with their clinician today. They "have a 
competition with [their] cardiologist to see who gets the most steps," and at each 
appointment they compare results on their smartphones. This anecdote is an example of 
how patients are already implementing technology into care and their comfort with 
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sharing data collected from their smartphone with clinicians. However, no participants 
reported using technology to assist with their mental health outside of using "apps like 
Headspace to help [them] go to sleep".  
Staff members are unaware of how technology will integrate into care as seen 
through average ratings of 4 (neither agree nor disagree) for integration questions (see 
figure 8). When asked about who they believe would deliver care through a digital tool, 
two members reported 'no one right now' and one responded with 'outside support'. In 
regard to trouble shooting, staff felt outside support or digital navigators could help most. 
They were not confident in case managers, team leaders, or family members assisting 
with trouble shooting. For peer-supported platforms, none of the staff members could 
suggest who would be able to moderate them. When asked about the burden this 




Figure 8: Survey data regarding care from staff. 
 
Sustain  
Patients were not provided with the sustain portion of the survey because the 
questions are directed towards staff.  
Low levels of confidence were reported regarding maintaining digital tools in 
clinical care (see figure 9). However, if implemented, staff reported they would learn to 
adapt to the technology over time. Although survey results reveal there is not strong 
support for technology implementation, a discussion with the team leader revealed 




Figure 9: Survey data regarding sustain from staff. 
 
Summary 
Patients at site 1 have access to technology but cannot connect to Wi-Fi at site 1. 
They see alignment with their CSC care but are less clear on how safe or effective that 
technology may be. They are already able to connect in terms using their devices towards 
care but turning to self-help programs because there is currently no way for them to 
connect their devices with CSC. Because staff is not using technology as part of CSC 
care, neither are patients. The example of one patient using his step data from the phone 
as part of care in cardiology, and our discussions with patients suggests they are willing 
but waiting for the mental health team to partner with them.  
Staff are comfortable with some aspects of technology but feel a lack of access in 
terms of skills to use it to connect with others. While they are aligned with how 
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technology could improve all aspects of CSC care, they feel less confident in how to 
evaluate the technology itself. In terms of connecting and integrating technology into 
care, staff feel they lack training, skills, and resources. Without connection, staff are not 
using technology as part of care today and feel it would be burdensome to do so with the 
current infrastructure. While there is no clear path towards sustainability, given it is not 
used in care today, staff feel they would be able to adapt and see the overall value 
technology can bring. 
Patient access is labeled as medium priority because they have strong digital skills 
yet report limited access to Wi-Fi or data (see left half of figure 10). Patients understand 
how technology can align with their care, and are comfortable connecting with clinicians 
through digital tools, therefore these areas are low priority. Next steps for patients should 
involve a focus on implementation of technology into their care and finding methods to 
make this integration sustainable. Staff access is labeled as medium priority because 
they have access to digital tools, but lack the skills needed to implement them (see right 
half of figure 10). Next steps for staff should include receiving digital skills training, 
aligning technology to meet their needs, integrating tools that allow them to connect 






Figure 10: An overview of which areas of the AACCS framework patients and staff need 










 Results of this work in all phases suggest both potential as well as challenges. The 
systematic review portion of this thesis uncovered 21 studies related to smartphone apps 
for prodromal and first episode psychosis. Seven papers were protocols, six were 
feasibility studies, five were monitoring/validity studies, and three were interventions. 
The heterogeneous outcomes the 21 studies and 16 unique app platforms utilized 
preclude formal analysis and data on engagement, adherence, and feasibility varied 
greatly as outlined in the narrative results. Overall, feasibility studies were positive and 
reported high engagement and interest among patients, monitoring studies showed that 
apps captured outcomes correlated to and informative of clinical outcomes, and 
intervention studies demonstrated that these apps have the potential to advance care. 
 Every study aligned with at least one core role of CSC but none with all. Of the 
21 studies, eighteen incorporated case management or team leadership, twelve involved 
recovery-oriented psychotherapy, and seven mentioned medication management, as seen 
in table 2.  
 
























A majority of these apps offer case management through crisis planning and symptom 
monitoring. This finding aligns with recent reviews [15]. Recovery-oriented 
psychotherapy in these apps was offered by both clinicians and peers. None of the studies 
reported providing support for employment and education, coordination with primary 
care services, or family education and support, as seen in table 3.  
 
Table 3. Summary metrics for studies on smartphone apps for people with First Episode 










































































































This does not mean that apps cannot support CSC; but instead of a single app offering 
resources to meet all needs, a toolkit approach of several apps may be more feasible 
today. While many apps for adult psychosis exist and could offer services for individual 
roles of CSC, it is unclear if such apps designed and assessed in adult patients would 
equally benefit youth.  
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Clinicians involved with these smartphone apps can have a variety of roles, such 
as moderating social interactions, reviewing patient clinical status, and customizing 
patient interventions. For example, through the Psychotherapy App and HORYZONS, 
clinicians can review user data to create personalized content suggestions. Ginger.io 
alerted clinicians when surveys were not completed for more than three days in a row, 
when passive data was not being collected, or when participant responses were 
considered clinically significant. The MOMENTUM study hypothesizes that an increased 
awareness of daily changes in the patient will better equip both parties for shared decision 
making [26]. These apps utilize their programs as a clinical hybrid to better fit the 
patient’s needs. Implementation of such a hybrid model of care will involve helping 
clinicians optimally work with technology, a focus of phase III efforts.  
The potential of smartphone apps for care is in part driven by their scalability and 
our study results support the potential for sharing and reusing apps. The HORYZONS 
trial that adapted the Australian app to meet the treatment needs of youth in Canada, 
offers an example of global accessibility and collaboration possible through digital tools. 
The ClinTouch app has been used not only for feasibility studies of symptom reporting 
and physiological markers, but also a control app in intervention studies, highlighting the 
multiple uses of these apps. It may be possible to use apps not directly targeting CHR and 
FEP to create; such a toolkit may be what fits the clinical needs of a CSC program. For 
this reason, phase II emphasizes an understanding of how digital tools can align with care 
to advise whether a need for an all-encompassing app exists or a toolkit will suffice. 
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The growing interest in smartphone apps for prodromal and first episode 
schizophrenia is reflected in the high number of recently published protocol papers we 
identified. These newly planned studies intend to expand the size and duration of 
completed ones, with a mean of 29.8 in completed studied compared to a targeted mean 
of 84.1 participants from protocols, as seen in Table 3. Future studies aim to increase 
study duration by almost double to a mean duration of 5.7 months as compared to 
completed studies with a mean duration of 2.9 months. Not all planned, or even currently 
underway, studies published protocols so these results must be interpreted with some 
caution but do offer insight into designing and powering the next wave of relevant 
studies.  
 The results of this review also suggest the low risk of harm in using app tools in 
patients with prodromal and first episode schizophrenia. No adverse events were reported 
in any study, although some participants did report higher stress levels due to the fear of 
being watched or monitored [33]. This is likely not unique to their conditions, as across 
the general population, there is a small percent who are also not comfortable using 
technology and feel concerned about digital monitoring [54]. Some apps reported on 
security measures in place to protect privacy such as the Robin Z app, which requires 
fingerprint scanning or a pin code to login, but this was not reported consistently across 
studies.  
 Results of the phase I review suggest that while the published research on 
smartphone apps for prodromal and first episode psychosis is nascent, it is rapidly 
expanding and holds the potential to improve both monitoring and interventions. 
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Although we did not find a single app that aims to fulfill all key roles of CSC, these 
results are useful for understanding the current impact of mobile technology for care and 
future trends.  
 Information gathered from phase I guided the development of the AACCS 
framework. The value of the framework is currently being assessed at eight 
geographically diverse CSC sites. The framework can flexibly accommodate diverse 
digital tools and can be customized to fit the specific needs of each program. Survey data 
gathered from each site has helped guide decisions making and measure progress at the 
first few sites. The five core domains of the AACCS framework help CSC programs 
consider the important questions for technology implementation in a purposeful way that 
improves clinical outcomes. To optimize the benefits of the framework, we recommend 
different stakeholders be involved in the assessment of each domain.  
 At each site visit we have worked alongside CSC site leaders to define what each 
aspect of the framework is classified as complete. Of the sites visited, all experience 
challenges with access to high-speed internet and staff discomfort with their digital skills. 
Patients at all sites visited have access to smartphones and are open to utilization of them 
for their care. Clinicians expressed interest in a simple app that assist patients with 
functionals skills and activities of daily living. Recommendations for access at these sites 
involve investment in high-speed wireless internet and training staff how to communicate 
with others via technology. For alignment, we suggest training for both staff and patients 
on evaluating app safety, efficacy, and usability. There was a clear need for a portal that 
connects digital data collected to patients and staff. Patients expressed a willingness to 
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use digital tools in care, but without staff support they are turning to self-help and other 
tools. Introducing systems to help connect data will lessen the burden on staff in using 
digital tools as part of care. Although there is currently no clear path for sustainability 
efforts, shared enthusiasm from both patients and clinicians suggests potential long-term 
implementation of technology into care. Digital tools have the potential to improve CSC 
program fidelity by increasing access to care, reducing staff turnover, and potentially 
reducing operating costs. But it is crucial to consider the integration and implementation 
of such technology prior to deployment at various sites.  
  
Limitations 
 Like all studies, this thesis has several limitations. First, no search term can 
identify all relevant papers on this topic and many publications are hard to recognize 
given the varied nosology around prodromal, first episode, and smartphone tools. Second, 
we used clinical judgment in including some studies such as the case report on 
CrossCheck, as not every paper directly identifies its population as first episode 
psychosis. Third, more apps and studies may exist that have not published protocols or 
data papers, meaning that our results are influenced by publication bias. We aimed to 
minimize these limitations through working with a librarian to build the search term and 
conduct the search. Fourth, the phase 3 results are early and an amalgamation of several 





This thesis explored the potential of apps for early course psychosis and 
schizophrenia care. Phase I aided in the understanding of what smartphone apps were 
currently available for this population and how they are currently used in care. Phase II 
presented an evaluation tool to guide the assessment of CSC site readiness for digital 
technology implementation into care. Phase III assessed the AACCS framework at 
diverse sites to guide changes and improvements that help programs consider the best 
steps for technology implementation to improve outcomes for early course psychosis.  
With further data and experience applying the ACCSS framework, we hope to 
create scoring criteria that can be linked to recommendations for further improvements. 
Future goals involve development of local adaptions of the framework that account for 
cultural and personal factors not yet addressed in this initial version. Results of the 
evaluation of the AACCS framework along with any accompanying changes to the scales 
and a facilitators guide will be shared after at least eight site visits are completed. Further 
work on AACCS will also aim to create simple summary metrics similar to those 
presented in the Stages of Implementation Completion: 1) duration required to complete 
the implementation activities, 2) proportion of activities completed, and 3) how far the 










Appendix A. Scales to assess program alignment with the AACCS framework. 
 
Assess 






























































I know how to 






























































I know what 




































































I know how to 
find the 
privacy policy 





























































Check all of 
the key roles 
of CSC that 
you believe 
technology 
































aspect of CSC 










































































































































































































































































































































































It will be 
burdensome 












































































































































































































































n has strong 
support from 































Urbanicity Urban Rural Mixed 
Program 
length 



























Black or African 
American, non-
Hispanic 













1. Dixon L. (2017). What it will take to make coordinated specialty care available to 
anyone experiencing early schizophrenia: getting over the hump. JAMA psychiatry, 
74(1),7-8. 
 
2. Savill, M., Skymba, H. V., Ragland, J. D., Niendam, T., Loewy, R. L., Lesh, T. A., ... 
& Goldman, H. H. (2018). Acceptability of psychosis screening and factors affecting 
its implementation: interviews with community health care providers. Psychiatric 
Services, 69(6), 689-695. 
 
3. Lal, S., Dell'Elce, J., Tucci, N., Fuhrer, R., Tamblyn, R., & Malla, A. (2015). 
Preferences of young adults with first-episode psychosis for receiving specialized 
mental health services using technology: a survey study. Journal of medical Internet 
Research mental health, 2(2), e18. 
 
4. Haller, C. S., Padmanabhan, J. L., Lizano, P., Torous, J., & Keshavan, M. (2014). 
Recent advances in understanding schizophrenia. F1000prime reports, 6. 
 
5. Gogtay, N., Vyas, N. S., Testa, R., Wood, S. J., & Pantelis, C. (2011). Age of onset of 
schizophrenia: perspectives from structural neuroimaging studies. Schizophrenia 
bulletin, 37(3), 504-513.  
 
6. Fusar-Poli, P., Rocchetti, M., Sardella, A., Avila, A., Brandizzi, M., Caverzasi, E., ... 
& McGuire, P. (2015). Disorder, not just state of risk: meta-analysis of functioning 
and quality of life in people at high risk of psychosis. The British Journal of 
Psychiatry, 207(3), 198-206. 
 
7. Greenstein, L. (2017). NAMI: National Alliance on Mental Health. How Should We 
Be Treating First-Episode Psychosis?  URL:  https://www.nami.org/Blogs/NAMI-
Blog/March-2017/How-Should-We-Be-Treating-First-Episode-Psychosis 
 
8. Miller, T. J., McGlashan, T. H., Rosen, J. L., Somjee, L., Markovich, P. J., Stein, K., 
& Woods, S. W. (2002). Prospective diagnosis of the initial prodrome for 
schizophrenia based on the Structured Interview for Prodromal Syndromes: 
preliminary evidence of interrater reliability and predictive validity. American 
Journal of Psychiatry, 159(5), 863-865. 
 
9. McFarlane, W. R. (2011). Prevention of the first episode of psychosis. Psychiatric 




10. Poushter, J. (2016). Smartphone ownership and internet usage continues to climb in 
emerging economies. Pew Research Center, 22, 1-44. 
 
11. Lal, S., Dell'Elce, J., & Malla, A. K. (2015). Technology access and use among 
young adults with a first episode of psychosis. Psychiatric Services, 66(7), 764-765. 
 
12. Coordinated Specialty Care Fact Sheet and Checklist. NIMH: National Institute of 
Mental Health. URL: https://www.nimh.nih.gov/health/publications/raise-fact-sheet-
coordinated-specialty-care/index.shtml  
 
13. Bond, G., Chansky, M., Daley, T., Daniels, A., Fan, L., George, P., … Vidal, S. 
(2019). Evaluating the Mental Health Block Grant 10% Set Aside. URL: 
https://www.westat.com/project/evaluating-mental-health-block-grant-10-set-aside. 
 
14. Torous, J., Woodyatt, J., Keshavan, M., & Tully, L. M. (2019). A new hope for early 
psychosis care: the evolving landscape of digital care tools. The British Journal of 
Psychiatry, 214(5), 269-272. 
 
15. Bell, I. H., & Alvarez-Jimenez, M. (2019). Digital Technology to Enhance Clinical 
Care of Early Psychosis. Current Treatment Options in Psychiatry, 6(3), 256-270. 
 
16. Torous, J., & Keshavan, M. (2018). A new window into psychosis: The rise digital 
phenotyping, smartphone assessment, and mobile monitoring. Schizophrenia 
research, 197, 67-68. 
 
17. Wisniewski, H., Liu, G., Henson, P., Vaidyam, A., Hajratalli, N. K., Onnela, J. P., & 
Torous, J. (2019). Understanding the quality, effectiveness and attributes of top-rated 
smartphone health apps. Evidence-based mental health, 22(1), 4-9. 
 
18. Baumel A, Muench F, Edan S, Kane JM. Objective User Engagement With Mental 
Health Apps: Systematic Search and Panel-Based Usage Analysis. Journal of 
Medical Internet Research 2019;21(9):e14567. 
 
19. Camacho, E., Levin, L., & Torous, J. (2019). Smartphone Apps to Support 
Coordinated Specialty Care for Prodromal and Early Course Schizophrenia 
Disorders: Systematic Review. Journal of medical Internet research, 21(11), e16393. 
 
20. Kilbourne, A. M., Neumann, M. S., Pincus, H. A., Bauer, M. S., & Stall, R. (2007). 
Implementing evidence-based interventions in health care: application of the 
replicating effective programs framework. Implementation Science, 2(1), 42. 
 
21. Greenhalgh, T., Wherton, J., Papoutsi, C., Lynch, J., Hughes, G., Hinder, S., ... & 
Shaw, S. (2017). Beyond adoption: a new framework for theorizing and evaluating 
	
59 
nonadoption, abandonment, and challenges to the scale-up, spread, and sustainability 
of health and care technologies. Journal of medical Internet research, 19(11), e367. 
 
22. Fortuna, K. L., Walker, R., Fisher, D. B., Mois, G., Allan, S., & Deegan, P. E. (2019). 
Enhancing Standards and Principles in Digital Mental Health With Recovery-Focused 
Guidelines for Mobile, Online, and Remote Monitoring Technologies. Psychiatric 
Services, appi-ps. 
 
23. Traber-Walker, N., Gerstenberg, M., Metzler, S., Joris, M. R., Karr, M., Studer, N., ... 
& Franscini, M. (2019). Evaluation of the combined treatment approach “Robin 
“(standardized manual and smartphone App) for adolescents at clinical high risk for 
psychosis. Frontiers in psychiatry, 10, 384. 
 
24. Palmier-Claus, J. E., Ainsworth, J., Machin, M., Barrowclough, C., Dunn, G., Barkus, 
E., ... & Salter, E. (2012). The feasibility and validity of ambulatory self-report of 
psychotic symptoms using a smartphone software application. BioMed Central 
psychiatry, 12(1), 172. 
 
25. Alvarez-Jimenez, M., Gleeson, J. F., Bendall, S., Penn, D. L., Yung, A. R., Ryan, R. 
M., ... & Russon, P. (2018). Enhancing social functioning in young people at Ultra 
High Risk (UHR) for psychosis: a pilot study of a novel strengths and mindfulness-
based online social therapy. Schizophrenia research, 202, 369-377. 
 
26. Vitger, T., Austin, S. F., Petersen, L., Tønder, E. S., Nordentoft, M., & Korsbek, L. 
(2019). The Momentum trial: the efficacy of using a smartphone application to 
promote patient activation and support shared decision making in people with a 
diagnosis of schizophrenia in outpatient treatment settings: a randomized controlled 
single-blind trial. BioMed Central psychiatry, 19(1), 185. 
 
27. Bucci, S., Barrowclough, C., Ainsworth, J., Morris, R., Berry, K., Machin, M., ... & 
Haddock, G. (2015). Using mobile technology to deliver a cognitive behaviour 
therapy-informed intervention in early psychosis (Actissist): study protocol for a 
randomised controlled trial. Trials, 16(1), 404. 
 
28. Husain, N., Gire, N., Kelly, J., Duxbury, J., McKeown, M., Riley, M., ... & Caton, N. 
(2016). TechCare: mobile assessment and therapy for psychosis–an intervention for 
clients in the Early Intervention Service: A feasibility study protocol. SAGE open 




29. Alvarez-Jimenez, M., Bendall, S., Lederman, R., Wadley, G., Chinnery, G., Vargas, 
S., ... & Gleeson, J. F. (2013). On the HORYZON: moderated online social therapy 
for long-term recovery in first episode psychosis. Schizophrenia research, 143(1), 
143-149. 
 
30. Lal, S., Gleeson, J., Malla, A., Rivard, L., Joober, R., Chandrasena, R., & Alvarez-
Jimenez, M. (2018). Cultural and contextual adaptation of an eHealth intervention for 
youth receiving services for first-episode psychosis: Adaptation framework and 
protocol for horyzons-canada phase 1. Journal of Medical Internet Research research 
protocols, 7(4), e100. 
 
31. Alvarez-Jimenez, M., Bendall, S., Koval, P., Rice, S., Cagliarini, D., Valentine, L., ... 
& Phillips, J. (2019). HORYZONS trial: protocol for a randomised controlled trial of 
a moderated online social therapy to maintain treatment effects from first-episode 
psychosis services. British Medical Journal open, 9(2), e024104. 
 
32. Barbeito, S., Sánchez-Gutiérrez, T., Mayoral, M., Moreno, M., Ríos-Aguilar, S., 
Arango, C., & Calvo, A. (2019). Mobile App–Based Intervention for Adolescents 
With First-Episode Psychosis: Study Protocol for a Pilot Randomized Controlled 
Trial. Frontiers in psychiatry, 10. 
 
33. Smelror, R. E., Bless, J. J., Hugdahl, K., & Agartz, I. (2019). Feasibility and 
acceptability of using a mobile phone app for characterizing auditory verbal 
hallucinations in adolescents with early-onset psychosis: exploratory study. Journal 
of Medical Internet Research formative research, 3(2), e13882. 
 
34. Schlosser, D., Campellone, T., Kim, D., Truong, B., Vergani, S., Ward, C., & 
Vinogradov, S. (2016). Feasibility of PRIME: a cognitive neuroscience-informed 
mobile app intervention to enhance motivated behavior and improve quality of life in 
recent onset schizophrenia. Journal of Medical Internet Research research 
protocols, 5(2), e77. 
 
35. Kim, S. W., Lee, G. Y., Yu, H. Y., Jung, E. I., Lee, J. Y., Kim, S. Y., ... & Yoon, J. S. 
(2018). Development and feasibility of smartphone application for cognitive‐
behavioural case management of individuals with early psychosis. Early intervention 




36. Lim, M. H., Gleeson, J. F., Rodebaugh, T. L., Eres, R., Long, K. M., Casey, K., ... & 
Penn, D. L. (2019). A pilot digital intervention targeting loneliness in young people 
with psychosis. Social psychiatry and psychiatric epidemiology, 1-13. 
 
37. Vaessen, T., Steinhart, H., Batink, T., Klippel, A., Van Nierop, M., Reininghaus, U., 
& Myin-Germeys, I. (2019). ACT in daily life in early psychosis: an ecological 
momentary intervention approach. Psychosis, 11(2), 93-104. 
 
38. Kumar, D., Tully, L. M., Iosif, A. M., Zakskorn, L. N., Nye, K. E., Zia, A., & 
Niendam, T. A. (2018). A mobile health platform for clinical monitoring in early 
psychosis: implementation in community-based outpatient early psychosis 
care. Journal of Medical Internet Research mental health, 5(1), e15. 
 
39. Ben-Zeev, D., Brian, R., Wang, R., Wang, W., Campbell, A. T., Aung, M. S., ... & 
Kane, J. M. (2017). CrossCheck: Integrating self-report, behavioral sensing, and 
smartphone use to identify digital indicators of psychotic relapse. Psychiatric 
rehabilitation journal, 40(3), 266. 
 
40. Wisniewski, H., Henson, P., & Torous, J. (2019). Using a smartphone app to identify 
clinically relevant behavior trends via symptom report, cognition scores, and exercise 
levels: a case series. Frontiers in psychiatry, 10, 652. 
 
41. Niendam, T. A., Tully, L. M., Iosif, A. M., Kumar, D., Nye, K. E., Denton, J. C., ... & 
Pierce, K. M. (2018). Enhancing early psychosis treatment using smartphone 
technology: a longitudinal feasibility and validity study. Journal of Psychiatric 
Research, 96, 239-246. 
 
42. Cella, M., He, Z., Killikelly, C., Okruszek, Ł., Lewis, S., & Wykes, T. (2019). 
Blending active and passive digital technology methods to improve symptom 
monitoring in early psychosis. Early intervention in psychiatry, 13(5), 1271-1275. 
 
43. Schlosser, D. A., Campellone, T. R., Truong, B., Etter, K., Vergani, S., Komaiko, K., 
& Vinogradov, S. (2018). Efficacy of PRIME, a mobile app intervention designed to 
improve motivation in young people with schizophrenia. Schizophrenia 
bulletin, 44(5), 1010-1020. 
 
44. Bucci, S., Barrowclough, C., Ainsworth, J., Machin, M., Morris, R., Berry, K., ... & 
Haddock, G. (2018). Actissist: proof-of-concept trial of a theory-driven digital 
intervention for psychosis. Schizophrenia bulletin, 44(5), 1070-1080. 
	
62 
45. Hoffman, L., Benedetto, E., Huang, H., Grossman, E., Kaluma, D., Mann, Z., & 
Torous, J. (2019). Augmenting Mental Health in Primary Care: A 1-Year Study of 
Deploying Smartphone Apps in a Multi-site Primary Care/Behavioral Health 
Integration Program. Frontiers in Psychiatry, 10, 94. 
 




47. Lattie, E. G., Nicholas, J., Knapp, A. A., Skerl, J. J., Kaiser, S. M., & Mohr, D. C. 
(2019). Opportunities for and Tensions Surrounding the Use of Technology-Enabled 
Mental Health Services in Community Mental Health Care. Administration and 
Policy in Mental Health and Mental Health Services Research, 1-12. 
 
48. Rossos, P. G., St-Cyr, O., Purdy, B., Toenjes, C., Masino, C., & Chmelnitsky, D. 
(2015). Hype, harmony and human factors: applying user-centered design to achieve 
sustainable telehealth program adoption and growth. Studies in health technology and 
informatics, 209, 121-127. 
 
49. Henson, P., David, G., Albright, K., & Torous, J. (2019). Deriving a practical 
framework for the evaluation of health apps. The Lancet Digital Health, 1(2), e52-
e54. 
 
50. Raney, L., Bergman, D., Torous, J., & Hasselberg, M. (2017). Digitally driven 
integrated primary care and behavioral health: How technology can expand access to 
effective treatment. Current psychiatry reports, 19(11), 86. 
 
51. Wisniewski, H., & Torous, J. (2020). Digital Navigators to Implement Smartphone 
and Digital Tools in Care. Acta Psychiatrica Scandinavica. 
 
52. Localytics. 24% of users abandon an app after one use. (2017) URL: 
http://info.localytics. com/blog/24-of-users-abandon-an-app-after-one-use  
 
53. Ford II, J. H., Alagoz, E., Dinauer, S., Johnson, K. A., Pe-Romashko, K., & 
Gustafson, D. H. (2015). Successful organizational strategies to sustain use of A-
CHESS: a mobile intervention for individuals with alcohol use disorders. Journal of 
medical Internet research, 17(8), e201. 
 
54. Bucci, S., Berry, N., Morris, R., Berry, K., Haddock, G., Lewis, S., & Edge, D. 
(2019). “They are not hard to reach clients. We have just got hard to reach services”. 
Staff views of digital health tools in specialist mental health services. Frontiers in 




55. Saldana, L., Bennett, I., Powers, D., Vredevoogd, M., Grover, T., Schaper, H., & 
Campbell, M. (2019). Scaling Implementation of Collaborative Care for Depression: 
Adaptation of the Stages of Implementation Completion (SIC). Administration and 
Policy in Mental Health and Mental Health Services Research, 1-9. 
 
 
 
 
  
	
64 
CURRICULUM VITAE 
	
65 
	
66 
	
67 
	
68 
